ABSTRACT The prevalence of byssinosis and of chronic bronchitis was studied in a questionnaire investigation among workers in bale opening areas, carding rooms, and spinning rooms in five Swedish cotton mills. Airborne dust and Gram-negative bacteria were measured. Nineteen per cent of the interviewed workers reported symptoms of light byssinosis (grade 1/2). The prevalence of symptoms was not related to the duration of employment, and cases of byssinosis were found among people who had worked in cotton mills for only a few years. A significantly higher proportion of male than female workers reported symptoms. No difference in the extent of byssinosis was found between smokers and non-smokers, but the prevalence was significantly higher among those workers who had ceased smoking. The prevalence of byssinosis was related to the number of airborne viable Gram-negative bacteria as well as to the dust level in the different mills. 
The presence of byssinosis among workers in cotton mills has been well documented in studies from several countries.' The development of the disease has been related to the dust level,23 but several observations suggest that the bacterial contamination of cotton is important.4-7 Other studies have shown that smoking and duration of employment influence the prevalence of byssinotic symptoms among exposed workers.2 3 8 In a previous investigation in Sweden9 117 employees in four cotton mills were examined, and the extent of byssinosis ranged from 25% to 68%. No relation could be found between dust levels and byssinosis.
We undertook this study to determine the prevalence of byssinosis among workers in different cotton mills in Sweden and to relate the proportion of workers reporting symptoms to dust levels and the number of airborne aerobic Gram-negative bacteria
Materials and methods
The investigation was conducted in all five cotton mills operating in Sweden in 1977 . A register of the employees working in bale opening, carding, and spinning areas was obtained from the personnel department at each mill. In one mill an area was included where cleaned cotton was carded to produce a high quality medical cotton. The employees were Received 2 January 1980 Accepted 8 February 1980 interviewed using a questionnaire based on the British Medical Research Council questionnaire for byssinosis. This contained questions related to chest tightness and airway symptoms appearing on particular days during the workweek. Questions were also asked on smoking habits, duration of employment in the mill, and the presence of pulmonary symptoms and disease. Each The dust, bacteria, and particle sizes were measured during the same six-month period in which the interviews took place.
STATISTICAL PROCEDURES
The differences between various observations in groups of employees were tested for statistical significance using the Fisher permutation test with a pooling procedure'2 that tests the relation between two observations with a third as a constant factor.
To analyse the effect of duration of employment on the prevalence of symptoms, the employees were divided into five age-groups. The correlation between duration of employment and prevalence 139 was calculated for each group, and these correlations were used in a pooling procedure in which age was the constant factor. Chi-square testing for trends in contingency tables was also used. The p values quoted are those that apply to two-tailed tests.
Results

INTERVIEW INVESTIGATION
Out of 289 employees working in bale opening, carding, and spinning areas, 248 were interviewed. The drop-out (14%) consisted of those on sick leave or those who had left work during the period of the investigation. Only four employees refused to participate. Those who dropped out did not differ significantly from those interviewed in distribution of age or duration of employment. The numbers of men and women interviewed were about equal, and age was fairly uniformly distributed. More than half of the workers had been employed less than 10 years.
EXPOSURE AND BYSSINOSIS
The number of particles in carding areas was more than twice the number in spinning areas (table 1). Table 4 reports exposure conditions and byssinosis for different working sites at the five mills. In all mills the dust levels were lower and the number of cfu of Gram-negative bacteria were strikingly lower in the spinning areas than in the carding rooms. The number of cfu and the dust levels were closely related (rxy = 0 67), but the ratio between airborne Table 8 shows the distribution of byssinosis and chronic bronchitis among non-smokers and smokers. Byssinosis was present in 18% of the non-smokers. A significantly higher proportion of those who had stopped smoking than of those who had never smoked reported byssinotic symptoms (0-05 > p > 0-02). The prevalence of byssinosis was slightly higher among the smokers than among non-smokers, but the difference was not statistically significant. The prevalence of byssinosis was not related to the number of cigarettes a day or number of years that the worker had smoked.
Of the non-smokers, 6 % had symptoms of chronic bronchitis. A slightly higher prevalence was found among the heavy smokers and a tendency to a doseresponse relationship could be observed.
A significantly larger proportion of workers with byssinosis were classified (table 9) as chronic bronchitics than were those without byssinosis (19% and 5%respectively0-01 > p > 0001). Haglind, Lundholm, and Rylander Based on an extensive study using the vertical elutriator to measure dust levels in cotton mills in North Carolina, Merchant et a120 suggested a doseresponse relationship between the extent of byssinosis and dust levels. They concluded that, even at low dust levels, a certain percentage of the exposed workers would have symptoms of byssinosis. It is generally agreed that the causative agent of byssinosis is not the cotton fibre itself but a contaminant bound to the trash and particularly to the bract.' Dose-response relationships between dust and byssinosis are therefore provisional until the causative agent has been defined.
A relation between the number of Gram-negative bacteria and the extent of byssinosis has earlier been reported by Cinkotai et al5 and by Cinkotai and Whitaker.6 A relation has also been shown between the magnitude of FEV1 changes over the Monday shift and the number of Gram-negative bacteria in the bale cotton used in the different mills.7 When the dust level in the present study was related to the extent of byssinosis, exclusion of the area for medical cotton production improved the relation. At this site no workers reported symptoms of byssinosis, although the dust level was high. The number of airborne Gram-negative bacteria was low, and the site falls within the general dose-response relation for bacteria. El-Batawi and El-Din Shash2' also reported a low extent of byssinosis in a mill producing medical cotton with relatively high duist levels. Unfortunately, no measurements of airborne bacteria were made in that study.
Earlier investigators have reported a higher prevalence of byssinosis in men than in women.19 22 The same difference was found in the present study and was not caused by smoking or duration of employment. Since the types of work done by men and women may vary from mill to mill, future analysis of this problem should consider each individual's precise working conditions, as well as working history, before any definite conclusions can be drawn.
The relation between duration of employment and appearance of symptoms has been analysed by several authors. Fox et Contrary to this, a study from Finland22 did not show a relation between the duration of employment and the distribution of symptoms amongtheworkers. In the present study the prevalence of byssinosis was not related to the duration of employment when age was controlled. Certain workers reported the presence of symptoms after only a few years' exposure. In this respect byssinosis differs from several other types of occupational disease where the risk gradually increases with increasing duration of employment. The absence of an association between byssinosis and smoking habits is not in agreement with observations in some other studies.3 13 A possible explanation is that both the dust level and the number of cigarettes smoked by the population studied here were lower than in other investigations. The threshold for a potentiating effect may thus not have been reached. Among the non-smokers, a significantly higher percentage of those who had ceased smoking reported symptoms of byssinosis. Conceivably this group contains people who gave up smoking when symptoms of byssinosis appeared.
In conclusion, this study showed that about 20 % of the employees in Swedish cotton mills, which now have low dust levels, had modest symptoms of byssinosis. The distribution of byssinotic symptoms was related to dust levels and also to the number of airborne Gram-negative bacteria.
